Epóxidos podem ser preparados eficientemente a partir da reação de alquenos com ácido tricloroisocianúrico em acetona aquosa seguido de tratamento da cloroidrina resultante com KOH aquoso em éter / pentano.
Introduction
Epoxides are useful compounds in synthetic organic chemistry. 1 There are several methodologies for the preparation of these compounds and among them, the oxidation of alkenes with peracids and the cyclization of halohydrins with bases are the most employed. 1 Peracids and analogues have been used to prepare epoxides, even though these reagents must be manipulated with care, due to their tendency to explosion. 2 Halohydrins have also found wide use in epoxide synthesis in both laboratorial and industrial scale, 3 and the halogenation of alkenes in dilute aqueous solutions is an effective way to prepare these intermediates. 4 Although this methodology is effective, the handling and manipulation of toxic and corrosive halogens is problematic, specially in large-scale. Nowadays, the utilization of health, safe, and readily available materials is very attractive and consistent with green chemistry challenges. 5 Trichloroisocyanuric acid [1,3,5-trichoro-1,3,5-triazine-2,4,6-(1H, 3H,5H)-trione, (1) ] is a stable and inexpensive solid frequently found in a large number of commercial products for swimming-pool disinfection 6 and easily available in pool supply and some hardware stores. Recent examples of the utilization of trichloroisocyanuric acid in organic synthesis are thioacetalization of carbonyl and related compounds, 7 conversions of alcohols to halides and carboxylic acids to acid chlorides, 8 and oxidations of alcohols to carbonyl compounds, 9 aldoximes to nitrile oxides, 10 thiols to disulfides, 11 selenols to diselenides, 12 and sulfides to sulfoxides. 13 The decomposition of 1 in water produces hypochlorous acid, 14 that can react with alkenes to produce chlorohydrins. So, we communicate here our initial results on the reaction of alkenes with trichloroisocyanuric acid to produce chlorohydrins and theirs base conversion to epoxides.
Results and Discussion
The reactions were carried out stirring together 10 mmol of cyclohexene with 4 mmol of 1 in diverse solvents at room temperature and the results are shown in Scheme 1. The best results were obtained with aqueous acetone, which produced trans-2-chlorocyclohexanol in almost quantitative chromatographic yield in only 30 min reaction time. Water or aqueous acetonitrile produced a mixture where the chlorohydrin predominated and using a biphasic system (dichloromethane or ethyl acetate) it was obtained several products or the reaction was incomplete after several hours.
The formation of all products could easily be rationalized in terms of the electrophilic chlorination of cyclohexene by the intermediacy of hypochlorous acid to produce a chloronium ion followed by nucleophilic participation of the solvent. Interestingly, the formation of trans-1,2-dichlorocyclohexane in the reaction of cyclohexene with 1 in pure water could be rationalized by acid-decompositon of hypochlorous acid to chlorine. 701 Trichloroisocyanuric Acid: An Alternate Green Route for the Transformation of Alkenes Vol. 13, No. 5, 2002 Based on the above results, 1-hexene, 1-octene, 1-methylcyclohexene, styrene, and α-methylstyrene reacted with 1 in aqueous acetone to produce the corresponding chlorohydrins (> 80 % purity by HRGC). In general, the regioselectivity was very high and no regioisomeric products were detected by the analytical methods employed. Exceptions were the aliphatic monosubstituted alkenes 1-hexene and 1-octene that afforded a regioisomeric mixture of chlorohydrins in wich the 1-chloro-2-alkanols predominated (ca. 3 : 1 by HRGC). 1-Methylcyclohexene produced a very unstable chlorohydrin which was immediately converted to the epoxide (vide infra).
The crude chlorohydrins were treated with KOH in a biphasic media (water / ether / pentane) to produce the epoxides in excellent total isolated yields (Scheme 2). The purity of the products was > 90 -99 % (by HRGC) and they were characterized by Disappointing results were obtained when the methodology was applied to limonene as it was produced trans-1,2-epoxylimonene (ca. 45 % by HRGC, confirmed by coinjection with an authentic sample 15 ) along with unreacted substrate and several other minor products (none of them limonene epoxides) Scheme 3.
In summary, our methodology is an alternate route for the preparation of epoxides from alkenes in high yields. The reactions are simple, safe, and all the reagents are cheap and readily available, which are in accordance with the green chemistry philosophy. 16 
Experimental
All chemicals were used without further purification. ) as carrier gas (split 1 : 10). Mass spectra were obtained on a Hewlett-Packard HP 5896-A HRGC-MS using electron impact (70 eV).
Typical procedure for the preparation of chlorohydrins
To a stirred solution of the alkene (10 mmol) in a solution (30 cm 3 ) of water/acetone (1 : 5), trichloroisocyanuric acid (4 mmol) was added at rt in small portions. After 30 min, the suspension was filtered, CHCl 3 (20 cm 3 ) was added and the resulting solution was washed with 10 % NaHSO 3 and water. The organic layer was dried (anhydrous Na 2 SO 4 ) and analysed by HRGC. Evaporation of the solvent on a rotatory evaporator gave the crude chlorohydrins.
Trans-2-chlorocyclohexanol. ) was stirred at rt. After 1 h, the organic layer was separated, washed with water and dried (anhydrous Na 2 SO 4 ). Evaporation of the solvent on a rotatory evaporator gave the pure epoxides.
Cyclohexene oxide. 
